This study evaluated a method for enhancing the bonding strength between denture base resins and self-curing resins. It was demonstrated that for selfcuring resins to which barbituric acid derivatives had been added to aid as polymerization initiators, greater bonding strength was obtained with immersion in warm water at the time of initiation of the polymerization.
Methods:
In this study, self-curing resins (Unifast II or Unifast Trad) were built up on denture base resins after surface treatment of the latter with or without primer. The specimens were cured under three conditions (immersion in warm water for 10 s after build-up (E), immersion in warm water for 210 s after build-up (L), and without immersion in warm water (N)), and shear bond strength and failure patterns were measured.
Results: For Unifast II without primer, there were significant differences in shear bonding strength between conditions E and L, or conditions E and N. A cohesion failure rate of 70% was noted under condition E. Bonding strength of Unifast II with primer also differed significantly between conditions E and L. There were no correlations between the failure patterns and the curing conditions. For the case of Unifast Trad without primer, no significant difference was in the bonding strength were observed under the different conditions, whereas for that with primer, significant differences in bonding strength were observed between conditions L and N. Since the failure pattern in all cases was represented by cohesion failure, there was no statistically significant relationship between the curing conditions and the failure pattern.
Introduction
Second-interface failures between heat-cured denture base acrylic resins and methyl-methacrylate self-curing resins after denture repair are sometimes observed in clinical practice, which have been attributed to defects in the bonding between these resins. Previous reports [1] [2] [3] [4] [5] have demonstrated that physical and chemical surface treatments of the denture base increase the bonding strength between the self-curing resin and the denture base resin. Ogawa et al 6 reported that polymerization of the self-curing resin at high temperatures increased the bending strength, although this also increased polymerization shrinkage. Hoshiai et al 7 assessed the effects of the interval from build-up of a resin to its immersion in warm water, the water temperature, and the duration of immersion on the bonding strength of a self-curing resin to another cured self-curing resin. They reported that an immersion time of 60 s in water at 50ºC or above was an appropriate condition.
These reports suggest that the surface treatment method and temperature during polymerization influence the bonding strength; however a procedure for obtaining optimum bonding between a self-curing resin and a denture base resin in denture repair has yet to be established. Therefore, this study was conducted to investigate the relationship between the bonding strength of a heat-cured denture base acrylic resin and a methyl-methacrylate self-curing resin and the type of surface treatment, immersion in warm water, and the time until immersion.
Materials and methods
An adherent resin plate was prepared with a heat-cured denture base resin (Quick Acron, GC Corporation, Tokyo, Japan); the Quick Acron resin plates were prepared by the wet heat polymerization method and polished with emery paper up to #600. They were then immersed in water at 37ºC for 48 h or more, to achieve a state of saturated water absorption. Prior to the build-up of the self-curing resin, the denture base resin was subjected to two types of surface treatments, one involving a 10-s airblow, and the other involving a 5-s application of a dichloromethane-based primer (Resin Primer, GC Corporation).
After surface treatment of the adherent face of the denture base resin, the same operator carried out the build-up of the self-curing resin on the denture base resin using the brush-on technique to achieve a uniform performance. An acrylic tube 5 mm in diameter and 5 mm in height was used to define the adherent area on the adherent face. Two types of self-curing resins consisting of the same main component but different polymerization initiators were used for the build-up. Resins with barbituric acid derivatives (Unifast II, GC Corporation) or an aromatic tertiary amine (N, N-dimethyl-p-toluidine) (Unifast Trad, GC Corporation) were used as the polymerization initiator.
During the polymerization after build-up, the specimens were maintained under the following three curing conditions: condition N, in which the specimens were maintained in air at room temperature (20ºC) for 30 min after build-up; condition E, 10s after build-up, the specimens were immersed in water at 50ºC for 5 min, and then exposed to air; condition L, in which 3 min and 30s (manufacturer's recommended termination time of initial curing) after the build-up, the specimens were immersed in water at 50ºC for 5 min, and then exposed to air.
Consequently, 12 types of specimens were generated through a combination of the three polymerization conditions and the two surface treatment methods and two self-curing resins (Table 1) . Ten specimens were prepared for each condition.
After polymerization under each condition, all the specimens were immersed in water at 37ºC for 24 h. The shear bonding strength was then measured by the shear bonding test (at the crosshead speed of 1 mm/min) according to the method of Shimizu et al 8 using a precision universal tester, the AUTOGRAPH AG-A (Shimadzu Corporation, Kyoto, Japan). After the test, the fractured surfaces of the specimens were evaluated using an optical microscope (x50) and classified into interface or cohesion failures. If any part of the specimen surface exhibited cohesion failure, it was classified as a case of cohesion failure. Three skilled operators conducted the evaluations independently. The final evaluation was made by the majority.
For the analysis of the bonding strength, the Student's t-test was used to compare the two conditions, and one-way analysis of variance and Scheffé's test were used for multiple comparisons. The chi-square and exact tests were used to evaluate the failure patterns. Significance 
Results
The results of the shear bonding test and the failure patterns are shown in Table 1 . There was a significant difference in the shear bonding strength under all curing conditions for Unifast II and Unifast Trad and the denture base resins subjected to surface treatment without primer. There was also a significant correlation between the type of self-curing resin and the failure pattern under curing condition E, where the specimens were immersed in warm water at the beginning of polymerization. However, no significant correlation was observed between the type of self-curing resin and the failure pattern under curing conditions L and N. Furthermore, no significant difference was found in the shear bonding strength under any curing condition, and no significant correlation was observed between the type of self-curing resin and the failure pattern for Unifast II and Unifast Trad and denture base resin subjected to surface treatment with primer. A significant difference in bonding strength was found under curing conditions L and N for Unifast II and denture base resin after surface treatment with and without primer. No significant difference was observed, however, under any of the other curing condition. No significant correlation was found for Unifast II and denture base resin subjected to surface treatment with or without primer and the failure pattern under condition E, however significant correlations between the above parameters were observed under all the other curing conditions.
A comparison among curing conditions showed significant differences in the bonding strength of Unifast II to denture base resin surface-treated without primer between conditions E and L, and conditions E and N (Fig. 1 Left) . For the case of bonding of Unifast II to denture base resin surface-treated without primer, 7 (70%) of the specimens exhibited surface cohesion failure under condition E, and the correlation between the curing condition and the failure pattern was significant (Fig. 1 Right). Significant differences in the bonding strength of Unifast II to denture base resin surface-treated with primer were also observed between curing conditions E and L (Fig.  2 Left) . Most resins exhibited cohesion failure; therefore, there was no significant relationship between the polymerization condition and the failure pattern (Fig. 2 Right) . Furthermore, no significant difference in bonding strength of Unifast Trad to denture base resin surface-treated without primer was observed under any curing condition (Fig. 3 Left) . Most surfaces exhibited interface failure, and there was no significant correlation between the curing condition and the failure pattern (Fig. 3 Right) . Although significant differences were found in the bonding strength of Unifast Trad to denture base resin surface-treated with primer between curing conditions L and N, no significant correlation was observed between the curing condition and the failure pattern, since all failure patterns were represented by cohesion failure (Fig. 4) .
Discussion
In prosthodontic treatment, self-curing resins are frequently used for denture repair and provisional crowns. Although self-curing resins with tertiary amine as the polymerization initiator are widely used, they are associated with the problem of discoloration with time after polymerization. This is a disadvantage, as a repaired denture is used for a relatively long time, unlike a provisional crown. Therefore, self-curing resins with barbituric acid derivatives as the polymerization initiator have recently come into more frequent use, as they offer greater stability of color. 9 However, their bonding strength with the denture base resin is lower than that of self-curing resins with tertiary amines. 4 One method of overcoming this drawback and improving the bonding strength is to apply alumina air abrasive, 3, 4, 10 dichloromethane, 3,4 acetone, 5 methylene chloride 5 or methyl methacrylate 2,5 at the adherent face. Minami et al 10 found that the bonding strength of a self-curing resin to a denture base resin in a state of saturated water absorption was greater than that for a dry denture base resin, when its surface was untreated. There was no significant difference, however, when the adherent face was treated with dichloromethane. They speculated that this was because the water suppressed heat generation during the polymerization, thereby slowing the rate of polymerization, and that the prolonged period until completion of polymerization results in increased diffusion of the resin monomers.
We found that the bonding strength of Unifast II was lower than that of Unifast Trad when no primer was used for the surface treatment of the denture base, whereas no significant difference in the bonding strength between the two was observed when primer was used for the surface treatment. These results are consistent with those reported from previous studies. 3, 4 In addition, not all the failure patterns of Unifast Trad were represented by cohesion failure; therefore, it is also important to enhance the bonding strength of Unifast Trad.
Bonding strength under curing condition E was greater than that under curing conditions L and N when no primer was applied for surface treatment. We believe that this might be due to the improved bonding strength resulting from the increased generation of radicals caused by warming at initial polymerization. Hoshiai et al 7 compared the bonding strength between a selfcuring resin and another cured self-curing resin. They tested conditions set at 30 or 60s prior to immersion for 30 or 60s, and found no influence of the conditions on the bonding strength. Taken together with our results, it is clear that initial warming within 30s enhances the bonding strength. Warming accelerates the polymerization rate, therefore reduces the time taken for polymerization. Therefore, extreme warming may lead to completion of polymerization prior to progress in diffusion of the monomer.
The effects of warming during polymerization on the strength and deformation of a self-curing resin also need to be considered. 6, 11 Ogawa and Hasegawa 12 studied the effects of the curing environment-air or water with/without pressure and air or water temperature during polymerizationon the strength, stiffness, and hardness during the polymerization of a self-curing resin. They found that a polymerization under high-temperature, high-pressure, and wet conditions increased the strength and stiffness of the self-curing resin. As compared with the dry condition, however, a wet condition reduced the surface hardness of the resin. As described above, since many factors influence the bonding strength of a self-curing resin to a denture base resin, determining the polymerization conditions for obtaining the optimal bonding strength between these two resins may require a multivariate analysis. This study only evaluated the initial bonding strength, thus the long-term bonding strength needs to be evaluated in a future study. Further research is also necessary to clarify failure patterns, as our results revealed cohesion failures in the self-curing resin, in the denture base resin, or in both.
Based on the above results on the initial bonding strength between denture base and selfcuring resins, we conclude that: (i) for Unifast II built up on denture base resin surface-treated without primer, immersion in warm water at the initiation of polymerization of the self-curing resin is effective for enhancing the bonding strength, and (ii) for both Unifast II built up on a denture base surface-treated with primer and Unifast Trad built up on a denture base surfacetreated with and without primer, there was no correlation between immersion in warm water during polymerization and the bonding strength.
